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INTRODUCTION

Drift-shell splitting has been universally recognized as an explanation for the

changes in quiet time pitch angle distributions observed as a function of local

time in the outer magnetosphere (1]. The effect is dominant for particles with

energies high enough (usually greater than 30 kaV) that the electrostatic potential

can be ignored [2,3,41. The magnetic shell splitting is a direct result of the

azimuthal asymzztrieS Of the magnetospheric magnetic field. In order to conserve

the first and the second adiabatic invariant, a particle having ao M 900 (a

equatorial pitch angle) will trace a drift shell defined by field lines that have

almost the same equatorial magnitude Las the magnetic field induction 30. A par-

ticla having o M00 -aill trace a drift shell defined by field lines that have

almost the same arc length.

Several authors have traced particle drift shells in various models of the field

C2,41. '.his is a laborious procass and is rarely done for comparison vith obsan-a-

nones [5,ij. latentl? a amiT.Ie_'d -3rescriPtiOn for tracing- mainatiz ir-'Itf: e"_

has been described by Luhmann and Schulz r7]. The procedure involves the use of a

three term Mead model (8) of :he magnetic field in which :he nondipolar contribu-

ticons are obtained by fitting the diurnal variation of the =agnetic field obser',ed



at synchronous orbit. Since the magnetic field is a function of radial distance

the observed equatorial particle flux variation can be used to generate an equato-

rial "radial" flux profile. The particle drift shells are then specified analyti-

cally as a function of pitch angle at local noon. We have utilized this procedure

to calculate the expected magnetic shall splitting for the CEOS-2 ion data. T6

obtain a "radial" flux profile over a wide range of spatial parameters (B and L)

we have taken also data from the P78-2 (SCATR.) spacecraft. This allows us to

cover the complete "radial" range of the particle drift shells that have access

to synchronous orbit at some point in their motion.

LUSTRUMf NS AMD OBSERVATIONS

The instruments on both spacecraft measure ions with two-element telescopes in

similar energy ranges and provide good pitch angle distributions. Ions are

measured with the GBOS-2 V.AE instrument from 35 to 400 key in 9 di£ferencial

energy channels and with the SCATRA-Aerospace instrument from 14 to 700 keV in

6 differential energy channels. The various energy pass bands are given in Table 1.

TABLE 1 Ion Energy Channels of the Two Instrments

Energy Channel CEOS-Z M'PAE SCATFA-Aerospace

135 '-k* 14 - 24 keV

25- 59 ke7 Z - 4 8 kaV
3 59- 73 kaV ,8 - 94 keV

4 73- 98 ke 94 - 172 kVe

93 - U9 kev 172 - 232 kVv

!Z9 - !59 key 352 - 7CO kaV

169 - :Z25 ka

3 225 - 301 keV

9 301 - 403 keV

8



For our initial study we have chosen two relatively quiet periods, 13-14 February,

1979 and 18-19 IArch, 1979. The February pfriod is very quiet, but the satellites

are separated by about ten hours in local time. On Yarch 18 the satellites are

separated by about one hour of local time fro2m each ocher, but the geonagreti

field was mildly disturbed. Figure I shows the ion energy spectra for the two

instruments on February 13, !979 at about 2:30 local time and on Yarch 18, !J79

at about 23:30 local time. Bach spacecraft are at this time almost on the same

'EBRAPA 13.1979 - MARCH 18, 1979 L-shall, but the magnetic latitudes
101 0

+ .. ,differ slightly. Therefore the

- -. 10, 10,'"'' -,. spectra are shown for equivalent

pitch angles which are calculated
101. .-10,

IC 'CT' AHIE -C-' ATAGLE W1 IV

+ from the magnetic field values at tha

+ '° two spacecraft. There is a good

To'' -- .,0 agree=ent of the spectra on February

13 and a slight deviation of the
10. . . . 10'

10 1 00 .0 
.  

101 10 0 spectra at low energies on Yarch 18.
ENEROY IkeV

Fig. I Ion energy spectra from the GEOS-2 Figure 2 shows a series of ion pitch
MEAE and the SCATRA-Aerospace instruments
at L ru 6.6 on February 13, 1979 and on angle distributions measured on GZCS-
Ya rch 18, 1979.

2 in various energy channels from

20:CO L7T on Tebruary 13 to 10:00 ' on February 14 every two hours. The data are

averaged over 15 min. 'he position of GZOS-2 is at 370 east longitude. This !eas

.hat local t n= is universal tine plus Z.5 hours. The selected :ie in:er-7a! shzve

:te variation of the pit:h angle disrri!urizn fr=: =idnizht to ncon. The di .

t-on changes :rom one with a rini-=,  a: pitch ingle, z0 . 9
0 

d uinz t i Z

one with a raxinat ao . 900 near nocn up to energies of 75 ka. A'rove 73 keV

:no ainia ac a 0 900 are observed :ver the entire day. They only vary in

:tensity.



GEOS 2 - MPAe
F.b 13114,1979

M&O -2015UT 2200-22 ISUT 00 O-0015UT 20 9?-02 1 SU
10, --

IT - ENERGY QANGES

2 1 2 2 45 - 9W~

3 59 -75 eV

10 51 --- 4 75 -
9
8 6eV

7 10, - 6 1 Te6 -1 6 129 -169 kV

0 0 180 0 90 180 0 90 180 0 90 180

tig 2 - Io -itc anl ditiuiF in ariou enrgchnesmaueV)hteCES2~A ntuetfo200 to eray1 o100 zo erayl*17
n Fgur 3 w hae potd te ira aitino7h o ic iy a
agai ~ ~ 10 the diuna vaiaio of te ngei ie. o aius eeg hz

- 3 3 30

100

'01 9

:e~ ~ ~ ig 2t :or p~ uS itsch~n ang e dsributn s inr v~e arious deergy ~~d
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a solid line and for the SCATRA in-
106

strumaent by a dashed line. The data

indicate that the radial profile of

1- 15' both spacecraft show very similar

48 .values although the spatial range of

> . -. the SCATM.A satellite is much larger.
10 "

8 -IN kThe lover part of Figure 4 shows the

E ". magnetic field variation on February

10 , 13-14, 1979 measured by the magneto-

-.. meter on GEOS versus local time (local

Z ,235': ' time - UT + 2.5 hrs) and Kp-index. The

10, " '
" '

10 -dashed line is the best fit curve from

FEB 1 1919 the Mead model
Ci[-[OS 2 M P E
S A'HA - Af4OSPACE

10 [ . 9 -(r/a)cos
190 100 110 120 130 140 0 -(&gr) -g /3

B0 (y]
for the period 20:00 UT February 13 to

Fig. 3 Observed variation of ion inten-
sity (pitch angle do - 85 0-9 50) th 16:00 UT February 1, 1979. The para-
magnetic field Bo in various energy o
channels on GEOS 2 (--) at indicated meter g - -30900 gaa is fixed by the
hours of universal tine UT and on magnitude of the earth's dipole rent.
SCAZ3IA (-T--.-).r -o -1

but the parameters g, and g, are to be

adjusted to fic the diurnal variacion of 3o observed at GEOS-2 (r = 6.6 a; a is

:he earth radius - 6371 ki). The results are 1 -1.32 sa.a and 32 1.20 3 q

The good fit of B supports 2ur assunption that the magnetic field was static

bet- een 22:00 hrs 7ebruar7 13 and 12:00 hrs February 14 local tie. Zn the upper

part of Figure 4 ve plotted for the four lowest energy channels on GE0S-2 the

Intensity for do . 600 and 3o . 900 versus local time. The drift shall splitting

is very clearly seen near nidnight. The 600 pitch angle intensity becomes larger

:han the 900 intensity at about 07:00 local time for the 35-45 keV energy channel.

The point of intersection is energy dependent and shifts to local -oon for higher

11



energies. Above an ion energy of 75 key we find at all local times a minimum at

900 pitch~ angle.

-Fig. 4 (Lower): Cozparison of
the magnetic field on February

.... 13/14, 1979 as =easured by the
nagflatcmeter on ,Z0S-Z and the
best-fit curve from the YIead

* model (dashed line).
(Upper): The comparison between
the measured intensities in
various energy channels at pitch
angles Go . 550..650 and a- 8-
95 with the calculatad inten-
sities obtained from the radial
gradient and drift shells based
on the Yead model.

V V

,o calculate the pitch angle distribution at all local tin:es ve 0:11rv the ;r:ce-

dure of Luhmann and Schulz (71 and Pfitzer et a&1. [51 ir assumiag shat the

normalized equatorial pitch angle distribution g (a,*) on the noon meridian is

independent of geocentric distance for drift shells accessible to the synchronous

orbit. Thus we express the intensity j (ni,, BOWL. to.) as

j (aO 3 0 (L' ,too) - g (oo*) h(3,(L))

%here h(B3 '(L)) represents the 'radial" Tivendence of the flt~e ux at t:ne

equator .a the noon =eridian (0 iD referenze lons-:ude at ncon) vh ere

the cuatrialfield is

Calc"Iaticns at -picch angles a, 50 and io - ?0'.3for :vc ener3- ann are

Siver as dashed line-%s in the upper part af Figure .'. ney are ;n !airly good

agreenent urith the =easured values and show also the energy dependence -

~ntarsectir. point for 600 and 90 ithage

12



RESULTS

Our measurements with high energy and pit&W angle resolution clearly show the

effects of drift shell splittin4 on the distribution of energetic ions. This is

most obvious for the diurnal variation of the pitch angle distributions. At mid-

night maximum intensities are encountered at pitch angles of 660 (1200). The

ratio j(60 0)/j(900 ) of the intensiries at pitch angles of 600 and 9C° is larger

than I between midniht and 0700 LT for the lowest energy channel. The cross over

time for j(600) and j(900) de-ends on the ion energy. It is shifted towards local

noon with increasing ion energy. Above 75 key the intensity at 600 is larger than

at 900 for all local times. For mildly disturbed days like Yarch 18/19, 1979 the

minimum for the 900 ions disappears for low energies at midnight.

Our observations are in good agreement with the simplified method of magnetic

drift shall tracing by Lub-an and Schulz (7]. The 900 ion intensi:ies at about

50 keV are predicted to vary by a fac:or of 3.4 in intensity .ith local :ime the

600 ion incensities by a factor of 1.4. The deviation from the observation are

less than 15 Z.

It should be noted chat the procedure of determining the quiet t4ie distribution

automatical! 7 warms us against trying to fit genuine te--oral variations with a

static model of the =a netosphere. :a a scatic nagnetosphere the intensiC7 of

2.,- 900 ions must be a single valued function of !a plotted with universal :ire

(:T) as a ?aramezar.

I31q
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LABORATORY OPERATIONS

The Laboratory Operations of The Aerospace Corporation is conducting

experimental and theoretical investigations necessary for the evaluation and

application of scientific advances to new military concepts and systems. Ver-

satility and flexibility have been developed to a high degree by the laboratory

personnel in dealing with the many problems encountered in the nation's rapidly

developing space and missile systems. Expertise in the latest scientific devel-

opments is vital to the accomplishment of tasks related to these problems. The

laboratories that contribute to this research are:

Aerophysics Laboratory: Launch and reentry aerodynamics, heat trans-
fer, reentry physics, chemical kinetics, structural mechanics, flight dynamics,
atmospheric pollution, and high-power gas lasers.

Chemistry and Physics Laboratory: Atmospheric reactions and atmos-
pheric optics, chemical reactions in polluted atmospheres, chemical reactions
of excited species in rocket plumes, chemical thermodynamics, plasma and
laser-induced reactions, laser chemistry, propulsion chemistry, space vacuum
and radiation effects on materials, lubrication and surface phenomena, photo-
sensitive materials and sensors, high precision laser ranging, and the appli-
cation of physics and chemistry to problems of law enforcement and biomedicine.

Electronics Research Laboratory: Electromagnetic theory, devices, and
propagation phenomena, including plasma electromagnetics; quantum electronics,
lasers, and electro-optics; communication sciences, applied electronics, semi-
conducting, superconducting, and crystal device physics, optical and acoustical
imaging; atmospheric pollution; millimeter wave and far-infrared technology.

Materials Sciences Laboratory: Development of new materials; metal
matrix composites and new forms of carbon; test and evaluation of graphite
and ceramics in reentry; spacecraft materials and electronic components in
nuclear weapons environment; application of fracture mechanics to stress cor-
rosion and fatigue-induced fractures in structural metals.

Space Sciences Laboratory Atmospheric and ionospheric physics, radia-
tion from the atmosphere, density and composition of the atmosphere, aurorae
and airglow; magnetospheric physics, cosmic rays, generation and propagation
of plasma waves in the magnetosphere; solar physics, studies of solar magnetic
fields; space astronomy, x-ray astronomy; the effects of nuclear explosions,
magnetic storms, and solar activity on the earth's atmosphere, ionosphere, and
magnetosphere; the effects of optical, electromagnetic, and particulate radia-
tions in space on space systems.
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